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Abstract 
The Mid-Upper Paleolithic (Gravettian) karstic Grotte de Cussac (France) contains two areas of human 
remains in the context of abundant (and spectacular) parietal engravings. The first area (loci 1 and 2) 
includes the skeleton of a young adult male in a bear nest, rearranged by postdecomposition inundation, 
and the variably fragmentary remains of at least two individuals distributed across two bear nests, sorted 
anatomically and with most of the elements constrained to one side of one nest. The second area (locus 
3) retains remains of two adults and an adolescent, in upper hollows and variably distributed down the 
slope, largely segregated into upper versus lower body groups. The only decoration associated with the 
human remains is red pigment on some of the bones or underlying sediment. The human remains 
indicate variable nonnatural deposition and manipulation of human bodies, body portions, and skeletal 
elements of at least six individuals. Moreover, Cussac is unusual in the association of these remains with 
exceptional parietal art. The complex Cussac mortuary pattern joins growing evidence from other 
Gravettian sites of variable treatment of individuals after death, within and across sites, in terms of formal 
deposition of the body versus postmortem manipulation versus surface abandonment. It provides a 
window onto the social diversity and the complex interactions of the living and the dead among these 
successful Late Pleistocene foragers. 
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The Mid-Upper Paleolithic (Gravettian) karstic Grotte de Cussac
(France) contains two areas of human remains in the context of
abundant (and spectacular) parietal engravings. The first area (loci
1 and 2) includes the skeleton of a young adult male in a bear nest,
rearranged by postdecomposition inundation, and the variably
fragmentary remains of at least two individuals distributed across
two bear nests, sorted anatomically and with most of the ele-
ments constrained to one side of one nest. The second area (locus
3) retains remains of two adults and an adolescent, in upper hol-
lows and variably distributed down the slope, largely segregated
into upper versus lower body groups. The only decoration associ-
ated with the human remains is red pigment on some of the bones
or underlying sediment. The human remains indicate variable non-
natural deposition and manipulation of human bodies, body por-
tions, and skeletal elements of at least six individuals. Moreover,
Cussac is unusual in the association of these remains with excep-
tional parietal art. The complex Cussac mortuary pattern joins
growing evidence from other Gravettian sites of variable treat-
ment of individuals after death, within and across sites, in terms
of formal deposition of the body versus postmortem manipulation
versus surface abandonment. It provides a window onto the social
diversity and the complex interactions of the living and the dead
among these successful Late Pleistocene foragers.
Paleolithic foragers | funerary behaviors | archeothanatology |
decorated cave
The Mid-Upper Paleolithic of Europe (Gravettian sensu lato;∼35,000 to ∼25,000 y ago) is well known for large open-air
and rockshelter sites, diverse and sophisticated subsistence, cave
paintings, human (especially female) figurines, body decoration,
and variably elaborate burials (1). The last aspect has received
particular attention, given that mortuary behaviors are closely
associated with diverse social customs in ethnographic contexts
and should provide a window onto such behaviors in the past (2,
3). The Gravettian formal burials include neonates to older
adults, single and multiple individuals, varying numbers of beads
(from a few to thousands), different levels of ochre application
(from localized to full body), occasional mobiliary art or other
forms of grave goods, and an abundance of biologically unusual
individuals (4–7). These remains are known from open air sites
(in central and eastern Europe) and rockshelters/cave entrances
(in southern and western Europe). There are several cases of
apparent human manipulation of the remains, and a number of
the sites (with and without burials) have yielded isolated human
remains apparently from individuals not receiving formal burial.
These Gravettian burials, combined with other aspects of the
Mid-Upper Paleolithic, provide an image of these populations
as “Hunters of the Golden Age” (1). They suggest a high point
in sociocultural elaboration prior to the environmental de-
terioration of the Last Glacial Maximum. In this context we
describe an additional set of Gravettian mortuary remains from
the decorated Grotte de Cussac in southwestern France. They
provide further evidence for mortuary practices beyond primary
burial, as well as a setting for the dead that is unique for the
Paleolithic.
Results
The Grotte de Cussac.The Grotte de Cussac (Le Buisson-de-Cadouin,
Dordogne, France) consists of a single, subhorizontal karstic tube,
ancient meanders of an underground river with a succession of
sinuous passages and low or raised passages that sometimes cut the
meanders (8). It is separated into two branches from the present
entrance: one ∼1.0 km long to the southeast and one 0.6 km long to
the northwest (Fig. 1). Discovered in 2000, Cussac revealed associ-
ated parietal art, prehistoric surfaces, and human remains (9). It was
designated a national heritage site and remains closed to visitors. All
research observations are noninvasive and restricted to a single path
through the karstic tube in order to protect all traces of human and
faunal activity. Hence, any analysis is restricted to remote observa-
tions of the remains and to the study of photographs and three-
dimensional (3D) photogrammetric models, both limited by avail-
able lumination, extensive viewing distances for some of the remains,
and bones partially or totally covered with cave sediment (SI Ap-
pendix). The cave has nonetheless been studied since 2010 under the
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direction of J. Jaubert, and the contribution here is a portion of the
larger ongoing project.
Tracks and claw marks on the floor and walls of the cave, as
well as numerous bear hibernation nests, demonstrate that bears
frequented the cavity before any human incursions (10). Other
evidence of animals are few, including rare animal bones (from
small carnivores, cattle, rabbits, and birds), some of which were
close to the entrance and may have been introduced by small
carnivores (8). Human activity is evident first and foremost by
the presence of rock art along the entire karstic network. Except
for a few nonfigurative elements (mainly dots) made in black or
red paint, the art consists of deep engravings into the limestone.
More than 800 engravings are known, mainly figurative repre-
sentations of animals (notably bison, mammoths, bovines, and
horses), as well as human representations including stylistic fe-
male silhouettes and male and female genitalia (8, 11). Other
evidence of human activity includes several preserved footprints
(10) and torch marks on the walls along the path, plus three lithic
artifacts and a worked reindeer antler (8). Finally, there are two
main areas that contain human remains in the downstream
branch of the cave (8, 12). All of these traces of prehistoric
human activity indicate deep karst activity and appropriation (8,
10, 11, 13).
The human activity in Cussac was initially attributed to the
Gravettian, primarily based on the art (8, 9), which displays
features typical of the Middle Gravettian style and similarities
with the parietal art of Quercy and the Pyrenees. This chrono-
logical attribution is confirmed by two 14C dates [each with a
calibrated 95.4% probability interval, computed with OxCal 4.2,
and using IntCal 13 (14)]: one on charcoal from the cave floor
(25,150 ± 210 B.P.; 29,704 to 28,714 cal B.P.; GifA-13150) and
one on a human rib fragment from locus 1 depression 2 (25,120 ±
120 B.P.; 29,500 to 28,835 cal B.P.; Beta-156643). The dates
also suggest the contemporaneity of the human remains and
parietal art (8).
The Human Remains. The Cussac human remains occur in two
areas (Fig. 1). The first area (loci 1 and 2), ∼150 m from the cave
entrance, consists of bones and/or teeth in and near three shal-
low bear hibernation nests. The second area (locus 3), 80 m
deeper in the cave, includes bones in shallow depressions high
along the cave wall and dispersed down the slope below. In ad-
dition, there are scattered isolated bones on the surface around
Fig. 1. General view of the loci with human remains and their locations in the karstic network of the Grotte de Cussac. Karstic system drawing: François
Lacrampe-Cuyaubère (graphic artist, PCR Cussac). Loci 1 and 2 are located in the same area, ∼150 m from the cave entrance, while locus 3 is situated 80 m
deeper in the cave.
































these primary clusters. No human remains have been located
elsewhere in the cave system. There are no faunal remains (such
as bear bones) in the vicinities of the human remains. A laminar
flake was found on the path near locus 1.
Loci 1 and 2. Loci 1 and 2 are to the east of the path (Fig. 1), with
a few large blocks of fallen limestone and several depressions,
three of which are bear nests (Fig. 2A and SI Appendix). The
surface of these loci consists of fine-grained sediment, due to
Late Pleistocene inundation of its lower elevations. There are
three main bone accumulations, all in bear nests.
The largest bear nest, locus 2 depression 1 (L2-D1), con-
tains ≥47 disarticulated, largely complete, and excellently pre-
served skeletal elements that can all be attributed to one adult
male (15, 16) (SI Appendix). Almost all visible bones are covered
by a sediment layer, deposited from several flooding events (8)
(Fig. 2B and SI Appendix). The disarticulation and rearrange-
ment of the bones from their original anatomical positions
(limited movement of the largest and heaviest elements, signif-
icant displacement or absence of the smallest and most trabec-
ular bones) is most parsimoniously viewed as the product of
flotation after full decomposition of a body deposited in a prone
position (12, 15, 16). To the extent determinable, given the
in situ position and sediment covering, none of the major skeletal
elements were removed.
In contrast, locus 1 depression 2 (L1-D2) is a clearly circum-
scribed 70-cm diameter accumulation of human bones and os-
seous debris at the bottom of 1-m diameter bear hibernation nest
(Fig. 2C). The inferred stratigraphy of the skeletal deposit is: 1)
the floor of the bear nest overlaid by 2) a thin red pigment layer,
then 3) a bed of fragmentary bones mixed with sediment, topped
by 4) larger and more intact bones. The entire accumulation is
vertically thin, most of the bones are surficially evident, and none
are covered with alluvial sediment. None of the remains are in
anatomical position in situ, and except for a few small compact
elements (tali, phalanges, and some vertebrae), all of the bones
are incomplete. Seventy-eight skeletal elements bigger than
5 mm are evident, 63 are identifiable as bone, especially major
long-bone diaphyseal sections, vertebrae, unfused epiphyses,
small manual and pedal bones, a fragmented mandible, and four
isolated mandibular teeth that likely derive from the mandible.
Conspicuously absent are cranial and pelvic remains and maxil-
lary teeth. Based on the tali and femoral shaft diameters, as well
as on the presence of unfused epiphyses and exposed long-bone
metaphyses, there are at least two individuals, one adult and one
early-to-middle adolescent (SI Appendix).
The bone cluster is located against one side of the bear nest,
and there is a broad area within the nest and around the cluster
that contains neither bones nor osseous debris; the human bones
are therefore distinctly bounded. The depression is above the
maximum inundation level (8); therefore, there is no evidence of
biotic or abiotic disturbances that could explain the circum-
scription of the disarticulated broken bones. The pattern there-
fore cannot be the product solely of the deposition and
decomposition of intact bodies, given the absence of some
elements and the constrained diameter of the osseous cluster. It
might represent the placement of bodies or body segments within
the depression, followed by decay, natural compaction, and
Fig. 2. (A) Orthoplane rendition of loci 1 and 2. (B) Skeletal elements of one individual in the L2-D1 bear nest. (C) Clearly circumscribed accumulation of
human bones in the L1-D2 bear nest. (D) L1-D2 bone cluster with larger bones highlighted. (E) L1-D3 with seven maxillary teeth and an area of red pigment
highlighted.








































postmortem manipulation. However, the under-representation
of vertebrae and small distal limb bones makes more likely a
scenario of an anthropic deposition of skeletal elements from
bodies that decomposed elsewhere (i.e., a secondary burial). The
bounded nature of the accumulation (Fig. 2C) suggests that the
bones were carefully placed within the depression, possibly in a
perishable container.
The adjacent locus 1 depression 3 (L1-D3) bear nest contains
six maxillary teeth from an adolescent and one tooth from an
adult (Fig. 2D and SI Appendix). The teeth are clustered around
small pieces of limestone and white powder, possibly deriving
from degraded bone. The adolescent’s dental age (12 to 14 y)
corresponds well with the epiphyseal maturation of the L1-D2
adolescent and the wear of the mature tooth is compatible with
the L1-D2 mandible. It is likely that the teeth in L1-D3 represent
the sole remains of isolated crania. Because L1-D3 is above the
line of maximum inundation (8), the original cranial elements
were not naturally displaced to the depression. They must have
been deposited there after separation from their vertebrae and
mandibles. Given the otherwise abundant bone preservation in
the depressions, the crania were probably removed subsequent to
alveolar degeneration, thus suggesting at least two stages of bone
manipulation.
Outside these depressions in the loci 1 and 2 area, there are
nine isolated human bones. Some of them are embedded in
sediment and thus appear to have been displaced by water, most
likely from L2-D1, whereas the agent explaining their final lo-
cation is not clear for the other bones. One of those bones, a left
patella found near the path in 2001, retains red pigment (SI
Appendix).
Locus 3. Locus 3 is a larger area to the east of the passage (Fig. 1),
consisting of small clusters of bones in depressions around the
upper portion of a large stalagmitic mass and more elements
variably isolated or clustered down the slopes around the sta-
lagmites (Fig. 3A). The distribution of the latter bones is best
viewed as an original deposition of human remains on the top of
the slope, followed by downslope movement of the elements.
Locus 3 exhibits 103 skeletal elements from a late adolescent and
two adults based on the number of right humeri (9, 17) (SI
Appendix).
On the (difficult to visually access) upper level, there are two
main clusters of human remains. The L3-D1 cluster, north of the
stalagmitic mass, is a well-circumscribed, 60-cm diameter accu-
mulation of surficial bones (not embedded) in a bear nest
(Fig. 3B and SI Appendix). Traces of red pigment are apparent
on the bottom and edges of the depression under a thin layer of
brown sediment (Fig. 3B). The 13 variably fragmented identifi-
able bone elements all derive from the lower body, from the
lumbar region to the posterior tarsals. Based on size, these bone
elements are from at least two adult individuals. The condyles of
two femora and one femoral head retain calcite incrustations
(Fig. 3B), indicating that they were displaced from a previous
location. This observation, as well as that of the constrained
surface of the bone cluster and the absence of small elements of
the midfoot and forefoot, suggest that the bone accumulation is
unlikely the product of in situ decomposition of intact bodies and
later disturbance or human manipulation. As with L1-D2 and
L1-D3, the L3-D1 cluster should be the product of the de-
position of skeletal elements from bodies that decomposed
elsewhere.
The second main cluster (L3-TS [top slope]), to the south of
the stalagmites, includes two vertebrae and a rib, plus the long
bones of a right upper limb, a scapula, and 11 hand bones (the
last in anatomical connection) possibly from the same upper limb
(Fig. 3C). The degrees of long-bone epiphyseal fusion suggest a
late adolescent (16 to 21 y) (SI Appendix). All of these bones are
partially embedded in sediment.
A few additional bones, most of them extremely fragmented,
are present on the upper level in several remote clusters. They
include a femoral fragment and the distal half of a right hu-
merus, at least two isolated teeth (but no apparent cranial or
mandibular elements), and a few unidentifiable skeletal fragments.
Other human remains are visible at intervals down the L3
slope (L3-DS), below the partial upper limb (Fig. 3D). They
include upper limb and axial remains and two pieces of (probably
one) mandible, but no evidence of cranial, pelvic, or lower limb
remains. The long bones are aligned with the slope, and the
bones at the bottom are largely embedded. This suggests sedi-
ment creep from the upper level, due to gravity associated with
the water-saturated sediment. Below the main slope, there are
additional elements variably on the surface or covered, including
upper limb long bones, vertebrae, and ribs. One of those bones, a
right ulna, retains red pigment.
Based on several lines of evidence (see ref. 17 and above),
locus 3 contains at least three individuals, including one late
adolescent and two adults (SI Appendix). The adolescent is
represented by a nearly complete right upper limb (on the top of
the slope), possibly a distal fragment of a left humerus (below the
slope), a fragment of a very small coxal bone (in L3-D1), and
mandibular fragments (in the slope) retaining a partially erupted
left third molar. One of the adults is represented by the long
bones of right and left upper limbs scattered along and below the
slope and possibly a right fibula (in L3-D1). The third individual
is represented only by a complete right humerus.
Overall, locus 3 is notable for having complete bones or a
major section of bones, few foot bones, and bones crushed in situ
only in the upper left depression. There is also a separation of
upper and lower limb elements, although vertebrae are variably
present throughout. Crania are absent, which cannot be attrib-
uted to the apparent movement of remains down the slope
considering the excellent preservation of the bones in that area.
This also holds for the separation of upper versus lower limb
remains, since downslope movement should be determined by
size and geometry but not by limb. In order to explain these
Fig. 3. (A) Global 3D model of the locus 3. (B) L3-D1 circumscribed accu-
mulation of lower body bones of two or more individuals with traces of red
pigment. (C) L3-TS with primarily right upper limb bones. (D) Single bone
accumulations visible down the L3-DS slope.
































aspects, some form of manipulation of body parts or skeletal
elements, before or after their deposition in locus 3, should have
been involved.
Interlocus Associations and Minimum Number of Individuals. The
human bone accumulations from Cussac therefore include the
following: 1) the remains of an apparently complete adult skel-
eton in the locus 2 bear nest; 2) partial remains of a younger
adolescent mixed into the L1-D2 bone cluster and represented
by several teeth in L1-D3; 3) very incomplete remains of an adult
in the L1-D2 cluster and possibly represented by one tooth in L1-
D3; 4) various remains (especially mandible and upper limb
bones) of a late adolescent in locus 3; and 5) segregated upper
limb versus lower limb remains of at least two adults clustered or
scattered across locus 3. Although the remains of two individuals
can be associated across L1-D2 and L1-D3, it is not possible to
draw any interloci anatomical connections. Given the virtual
completeness of the skeleton in locus 2 (Fig. 2), that individual is
separate from the other loci. In addition, the upper limb long
bones of the adolescent in L1-D2 precludes any connection with
the L3 adolescent, and the same appears to apply to the L1-D2
adult and the two adults from locus 3. The most likely scenario
therefore is that the L2-D1, L1-D2 + L1-D3, and L3 represent
separate depositions of human remains. Combined with skeletal
maturation and the number of right humeri, the minimum
number of individuals for the Grotte de Cussac is six.
Discussion
There are several lines of evidence that point toward deliberate
deposits of human bodies, body parts, and/or bones in the Grotte
de Cussac. Some of these lines make Cussac similar to other
Gravettian sites, whereas others are unique in the Gravettian
funerary landscape.
Cussac is the first location where the human remains were
deposited deep in a decorated cave. All previously known
Gravettian formal burials are located in open air sites, rock-
shelters, or cave entrances. A possible exception is Vilhonneur
(southwestern France), where a partial skeleton of a young adult
was discovered in a cave with parietal art but without clear as-
sociation with that art (18).
The deposition of bodies or body parts on the floor (instead of
in a grave) was relatively common in the Gravettian of south-
western France; it has been identified or inferred at Cussac, Cro-
Magnon, Abri Pataud, Vilhonneur, and Gargas, whereas graves
are absent in this area (12, 18–20). It is rare elsewhere, having
been identified only at Sunghir (Russia) and Pavlov I (Czech
Republic), sites that also yielded elaborate burials (21, 22).
At Cussac, almost all of the human remains are located in bear
nests, a previously undocumented depositional context for the
Gravettian. This could be an intention to enclose the human
remains in bounded features in a manner analogous to de-
position in a burial pit. This analogy is reinforced by the use of
red pigment (L1-D2/D-3 and several places in L3), which is
found in most Gravettian burials (5–7). However, none of the
individuals at Cussac were apparently associated with body
decoration, whereas beads are ubiquitous in Gravettian burials
(if variable in quantity) (4–7).
Three forms of deposition are recognized within Cussac: a
whole body in a bear nest in L2, body parts on the surface of a
platform above L3, and dry bones in bear nests (L1-D2, L1-D3,
and L3-D1). The virtually complete skeleton in L2-D1 indicates
that primary deposition of a body happened at least once at
Cussac. The body was also placed in a prone position, which is
uncommon during the Gravettian, with only three other occur-
rences known: BT3 in Baousso da Torre (Italy), GE5 in the
Grotte-des-Enfants double burial (Italy), and DV14 in the Dolní
Vestonice II triple burial (Czech Republic) (5, 7). The other
Cussac bone accumulations are somewhat organized, thus
suggesting that they are intentional deposits, made as parts of
distinct mortuary behaviors. There was also some intentional
selection of skeletal elements during this process, which is evi-
denced by the separation of upper and lower limb bones in L3
and the absence of cranial remains in all secondary deposits. The
isolated maxillary teeth (L1-D3) indicate removal of crania and
hence that postmortem manipulation took place inside the cave.
The lack of five crania of six suggests that this occurred re-
peatedly. The other bone accumulations are clearly the result of
postmortem manipulation, although the timing and locations of
these manipulations are less clear. For example, the nearly
complete L3 adolescent right skeletal upper limb in partial ar-
ticulation may indicate the introduction of a body portion inside
the cave or, alternatively, the removal of the other elements after
deposition of an intact body and its decay. Another example is
the accumulation of bones in L1-D2, which implies the deposit of
dry bones in a circumscribed area, possibly using a perishable
container.
Such diversity of deposition within a single site is rare but does
exist in the Gravettian. At Sunghir, four of the individuals were
intentionally buried, two more had their remains manipulated,
and one seems to have received little or no formal treatment
(21). These three forms of disposal are also apparent at the
Dolní Vestonice/Pavlov site complex (22, 23). At Abri Pataud,
the whole bodies of infants were apparently deposited, whereas
body parts of adults were deposited and/or removed (19). Fi-
nally, at Buran-Kaya III (Crimea), Fournol (France), and El
Castillo Cave (Spain), fragmented human remains, some of them
displaying cut marks, are known (24–26). However, two types of
manipulations at Cussac are unknown elsewhere for the Gravettian:
the removal of crania and the deliberate commingling of the
remains of several individuals.
The Cussac sample is composed of teenagers and adults with
no evidence of infant or juvenile remains. This demographic
profile is not uncommon for the Gravettian, but it is for south-
western France, where infants and children are relatively abun-
dant (19, 26, 27). Cussac L2A displays an unusually small body
size and limb proportions, as well as unusual skull morphology,
for a Gravettian male (15, 16) (SI Appendix). Both his burial and
the apparent absence of postmortem manipulation may reflect
special social status (28). However, developmental anomalies
and abnormalities are abundant in the Gravettian buried sample
(and throughout the Pleistocene) (29), and the meaning of the
burials of individuals, with abnormalities that would have been
evident to their kin, remains unclear.
There are few instances where Gravettian human remains
were found close to parietal art (Abri Pataud, Paglicci, Gargas,
Vilhonneur, El Castillo, Arene Candide), but without strict as-
sociations in terms of contemporaneity and symbolic value. At
Cussac, the contemporaneity of the mortuary rites and the art is
highly likely considering the very homogeneous artistic style in
the cave and the virtually identical 14C dates for a human bone
and a charcoal sample (8). Even if the people who manipulated
the human remains may not have been the same as the artists, it
seems impossible, considering the path used during the Gravet-
tian, that the art or the human remains were ignored when the
other took place.
The association of mortuary rites and art raises the question of
the social meaning of the deposit of bodies, associated with
postmortem manipulation, in this decorated cave. A recent
analysis of the Grotte de Cussac Grand Panel intermingled en-
gravings concluded that it was likely the result of a collective
image-making performance implying performer(s) and an audi-
ence and that the collective role given to these visual productions
was actively integrated into past social networks as a medium for
information exchanges to negotiate social identity (11). We
therefore suggest that the mortuary behaviors at Cussac partic-
ipated in a similar way in a social network requiring long-term








































transmissions of values (30). The temporary relocation of the
person in a liminal space (bear nests in the cave) after death, the
loss of individuality after decomposition through the commin-
gling the bones of several individuals, and finally the reincor-
poration of remains through the removal of crania evoke
patterns of mortuary behavior that have been variously described
in the ethnographic record as “rites of separation and incorpo-
ration” (31–33). These may have been used to reaffirm and ne-
gotiate individual and group identity among the living (31–33).
This interpretation, frequently formulated for more recent ar-
chaeological groups (34, 35), would place the Grotte de Cussac
as the oldest example of a global spirituality encompassing deep
karst occupation, art manifestations, and the dead and the living.
Conclusion
The diverse positions, skeletal part representations, and variable
commingling of human remains in the Mid-Upper Paleolithic
Grotte de Cussac, alongside abundant parietal engravings, deep
within the Cussac karstic system, provide an additional window
onto the Gravettian funerary landscape. In addition to the well-
known and often elaborate burials of this time period, the
mortuary evidence from Cussac and other sites is an indication of
a complex social landscape in which there was differential
treatment of individuals after death in terms of burial versus
surface deposition of their remains, postmortem manipulation
of bodies and body portions, and the locations of their final
resting places. Cussac mortuary remains are therefore providing
a window, beyond the evidence of successful hunter-gatherer
adaptations and abundant art, into the social dynamism of
these Late Pleistocene early modern humans.
Materials and Methods
This analysis of the Cussac human remains is based on the original bones and
their contexts, which remain in situ in the Grotte de Cussac. Observations
come from visual observation, photographic assessment, and 3D renderings
of the three loci (all details are provided in SI Appendix). The 3D renderings
were initially generated using our custom photogrammetric solutions based
on the Bundler and PMVS programs (36, 37) and, since 2014, on Photoscan
(Agisoft). Three-dimensional models were scaled using a local scale, and
reference points taken with a total station. Meshing was done with 3D
Systems software.
Data Availability. The primary data consist of the identifications of the human
skeletal elements in the Grotte de Cussac and their distributions in the three
loci. These data are all in SI Appendix, Tables S1–S9 and in SI Appendix, Figs.
S6–S13, as well as in the text and Figs. 1–3. Additional data on the skeletal
immaturity of elements from loci 1 and 3 are in SI Appendix, Tables S10–S12.
ACKNOWLEDGMENTS. The Cussac Cave Collective Research Program
(J. Jaubert, Director) is funded by the French Ministry of Culture (Grants
027259-PCR and 027260-PTRAR). This work is a part of the project Gravett’Os
funded by the French National Research Agency (Grant ANR-15-CE33-0004).
We thank the members of the Cussac Cave Collective Research Program for
their productive teamwork on this exceptional site. We are extremely grate-
ful to H. Duday and D. Henry-Gambier, who initiated the bioanthropological
research at Cussac. We thank F. Valentin for her useful comments and sug-
gestions. Much of this work has been inspired by the efforts of D. Henry-
Gambier to interpret mortuary behaviors in the Upper Paleolithic.
1. W. Roebroeks, M. Mussi, J. Svoboda, K. Fennema, Eds., Hunters of the Golden Age,
(University of Leiden, 2000).
2. M. G. Parker Pearson, The Archaeology of Death and Burial, (Sutton Publishing, 1999).
3. J. A. Tainter, Mortuary practices and the study of prehistoric social systems in Adv.
Archaeol. Meth. Theory 1, 105–141 (1978).
4. F. d’Errico, M. Vanhaeren, “Upper Palaeolithic mortuary practices: Reflection of ethnic
affiliation, social complexity, and cultural turnover” in Death Rituals and Social Order
in the Ancient World: Death Shall Have No Dominion, C. Renfrew, M. J. Boyd, I.
Morley, Eds. (Cambridge University Press, 2015), pp. 54–61.
5. D. Henry-Gambier, Comportement des populations d’Europe au Gravettien: Pratiques
funéraires et interprétations. PALEO 20, 399–438 (2008).
6. E. Trinkaus, A. P. Buzhilova, M. B. Mednikova, M. V. Dobrovolskaya, The People of
Sunghir, (Oxford University Press, 2014).
7. J. Riel-Salvatore, C. Gravel-Miguel, “Upper Palaeolithic mortuary practices in Eurasia:
A critical look at the burial record” in The Oxford Handbook of the Archaeology of
Death and Burial, S. Tarlow, L. Nilsson Stutz, Eds. (Oxford University Press, 2013), pp.
303–347.
8. J. Jaubert et al., The chronology of human and animal presence in the decorated and
sepulchral cave of Cussac (France). Quat. Int. 432, 5–24 (2017).
9. N. Aujoulat et al., La grotte ornée de Cussac–Le Buisson-de-cadouin (Dordogne):
Premières observations. Bull. Soc. Préhist. Fr. 99, 129–137 (2002).
10. L. Ledoux et al., Traces of human and animal activity (TrAcs) in Cussac Cave (Le
Buisson-de-Cadouin, Dordogne, France): Preliminary results and perspectives. Quat.
Int. 430, 141–154 (2017).
11. V. Feruglio et al., Rock art, performance and Palaeolithic cognitive systems. The ex-
ample of the Grand Panel palimpsest of Cussac Cave, Dordogne, France. J. Anthropol.
Archaeol. 56, 101104 (2019).
12. D. Henry-Gambier et al., “Grotte de Cussac (Le Buisson-de-Cadouin, Dordogne): Un
exemple de comportement original pour le Gravettien” in Transitions, Ruptures et
Continuité en Préhistoire, J. Jaubert, N. Fourment, P. Depaepe, Eds. (Société Pré-
historique Française, 2013), pp. 169–182.
13. A. Jouteau et al., Choosing rock art locations: Geological parameters and social be-
haviours. The example of Cussac Cave (Dordogne, France). J. Archaeol. Sci. 105, 81–96
(2019).
14. P. J. Reimer et al., IntCal13 and Marine13 radiocarbon age calibration curves 0–
50,000 years cal BP. Radiocarbon 55, 1869–1887 (2013).
15. S. Villotte, F. Santos, P. Courtaud, In situ study of the Gravettian individual from
Cussac cave, locus 2 (Dordogne, France). Am. J. Phys. Anthropol. 158, 759–768 (2015).
16. P. Guyomarc’h et al., New data on the paleobiology of the Gravettian individual L2A
from Cussac cave (Dordogne, France) through a virtual approach. J. Archaeol. Sci. Rep.
14, 365–373 (2017).
17. C. Peignaux, S. Kacki, P. Guyomarc’h, E. M. J. Schotsmans, S. Villotte, New anthro-
pological data from Cussac Cave (Gravettian, Dordogne, France): In situ and virtual
analyses of Locus 3. C. R. Palevol 18, 455–464 (2019).
18. D. Henry-Gambier et al., New hominid remains associated with Gravettian parietal art
(Les Garennes, Vilhonneur, France). J. Hum. Evol. 53, 747–750 (2007).
19. D. Henry-Gambier, S. Villotte, C. Beauval, J. Bruzek, D. Grimaud-Hervé, “Les vestiges
humains: Un assemblage original” in Le Gravettien Final de l’abri Pataud (Dordogne,
France). Fouilles et Études 2005-2009, R. Nespoulet, L. Chiotti, D. Henry-Gambier, Eds.
(BAR International Series, Archaeopress, 2013), pp. 135–177.
20. P. Foucher et al., Les vestiges humains gravettiens de la grotte de Gargas (Aventi-
gnan, France): Datations 14C AMS directes et contexte chrono-culturel. Bull. Soc.
Préhist. Fr. 116, 29–39 (2019).
21. E. Trinkaus, A. P. Buzhilova, Diversity and differential disposal of the dead at Sunghir.
Antiquity 92, 7–21 (2018).
22. S. Sázelová, J. Wilczynski, P. Wojtal, J. Svoboda, E. Trinkaus, Puzzling pairs from
Pavlov and mortuary diversity in the Mid Upper Paleolithic. Prehled výzkumu 59,
69–88 (2018).
23. J. Svoboda, Dolní Vestonice–Pavlov (Academia, Prague, 2016).
24. M. D. Garralda, J. M. Maíllo-Fernández, T. Higham, A. Neira, F. Bernaldo de Quirós,
The Gravettian child mandible from El Castillo Cave (Puente Viesgo, Cantabria, Spain).
Am. J. Phys. Anthropol. 170, 331–350 (2019).
25. S. Prat et al., The oldest anatomically modern humans from far southeast Europe:
Direct dating, culture and behavior. PLoS One 6, e20834 (2011).
26. S. Villotte et al., Evidence for previously unknown mortuary practices in the south-
west of France (Fournol, Lot) during the Gravettian. J. Archaeol. Sci. Rep. 27, 101959
(2019).
27. C. Partiot, E. Trinkaus, C. J. Knüsel, S. Villotte, The Cro-Magnon babies: Morphology
and mortuary implications of the Cro-Magnon immature remains. J. Archaeol. Sci.
Rep. 30, 102257 (2020).
28. V. Formicola, From the Sunghir children to the Romito dwarf. Aspects of the Upper
Paleolithic funerary landscape. Curr. Anthropol. 48, 446–453 (2007).
29. E. Trinkaus, An abundance of developmental anomalies and abnormalities in Pleis-
tocene people. Proc. Natl. Acad. Sci. U.S.A. 115, 11941–11946 (2018).
30. J. C. Woodburn, “Hunters and gatherers today and reconstruction of the past” in
Soviet and Western Anthropology, E. Gellner, Ed. (Duckworth, 1980), pp. 95–117.
31. M. Bloch, J. Parry, Eds., Death and the Regeneration of Life, (Cambridge University
Press, 1982).
32. P. Metcalf, R. Huntington, Celebrations of Death, (Cambridge University Press, 1979).
33. C. Fowler, The Archaeology of Personhood: An Anthropological Approach, (Rout-
ledge, 2004).
34. I. Hodder, “An archaeology of the self: The prehistory of personhood” in In Search of
Self: Interdisciplinary Perspectives on Personhood, J. Wentzel van Huyssteen, E. P.
Wiebe, Eds. (Eerdmans, 2011), pp. 50–69.
35. I. Kuijt, The regeneration of life: Neolithic structures of symbolic remembering and
forgetting. Curr. Anthropol. 49, 171–197 (2008).
36. N. Snavely, S. M. Seitz, R. Szeliski, Modeling the world from internet photo collec-
tions. Int. J. Comput. Vis. 80, 180–210 (2008).
37. Y. Furukawa, J. Ponce, Accurate, dense, and robust multiview stereopsis. IEEE Trans.
Pattern Anal. Mach. Intell. 32, 1362–1376 (2010).
6 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.2005242117 Kacki et al.
D
ow
nl
oa
de
d 
at
 U
ni
ve
rs
ity
 o
f W
ol
lo
ng
on
g 
Li
br
ar
y 
on
 J
un
e 
16
, 2
02
0 
